Abstract. SAR (Synthetic Aperture Radar) is used to detect the complex ground target, which can obtain the image of the military target. There is a great difference between the SAR image and the traditional optical image, and SAR image responses the distribution characteristics of the ground target microwave scattering which produces great challenges in the interpretation of the SAR image. A simulator method based on electromagnetic scattering characteristics of the target was presented to obtain SAR image of targets on the ground. According to the turntable imaging model, the method that classification interpolation of digital elevation model of the real ground simulated was used to build the ground structure. And the target's electromagnetic scattering and the RCS (Radar Cross-Section) were computed by the graphical electromagnetic computing (GRECO) method. The accelerating ray-tracing method was applied to compute the interaction between the target and ground. A SAR simulation imaging system was built to simulate the SAR image of a tank target placed in the ground. The simulation result indicated that the simulated image fits the scattering characteristics of the actual object and it could provide recognition template for SAR image interpolation with the ground SAR image simulation based on electromagnetic scattering characteristics.
Introduction
SAR (Synthetic Aperture Radar) is a kind of active detection sensor, which detects the target by microwave signals and performs imaging processing on the received echoes. SAR imaging is not subject to weather, sunlight or other conditions, and can observe the target all-weather and all-day [1] . With the development of microelectronics and signal processing, SAR technology has been rapidly developed. The SAR image resolution is getting higher and higher, and the target could get fine observations, so that it has been widely used in earth remote sensing, land resources exploration, disaster assessment and military fields [2] [3] .
How to detect, interpret and identify the target quickly and accurately from the massive SAR image data has become a hot and difficult point and draws great attention [4] [5] [6] [7] . While the current SAR image recognition is mainly based on studying the images themselves [8] [9] , the research of SAR images' bright spots, shadows, contours and other characteristics which reflect the electromagnetic scattering properties of the target remains is lack. The SAR images reflect the distribution of microwave scattering of ground targets, while the optical images reflect the distribution of optical reflection, and mechanism of images is completely different, resulting significant differences between SAR images and optical images. For the targets with identical geometric shape, the scattering intensity and distribution reflected by SAR images will change obviously due to different electromagnetic characteristics of target, working frequency band, polarization mode and observing angle of the radar. These characteristics of SAR images lead to great difficulties in the interpretation of SAR images for the researchers accustomed to interpreting conventional optical images. Therefore, in order to improve the interpretation level of SAR images, the essence of the electromagnetic scattering mechanism of SAR images must be studied.
SAR images can be obtained by both flight test and simulation [10] . The SAR images obtained by flight test are real, however, the acquisition of angles is limited, and the resolution of SAR is limited by the actual bandwidth of the imaging radar. The SAR images are the total reflection of radar echoes, and cannot separate the single scattering mechanism. And the cost of acquiring data is high. The target RCS data is calculated according to the electromagnetic scattering characteristics of the target. The SAR image can be obtained from the RCS data [11, 12] . By means of SAR image simulation, images at arbitrary angle and resolution can be obtained, and different scattering sources can be separately imaged, providing template information for SAR image recognition. However, the simulation of SAR image is mainly focused on the single object and the target on the ground is considered less.
SAR image simulation of complex targets on the ground mainly has the following difficulties: 1) modeling the electromagnetic scattering of the ground scene; 2) calculating the RCS information under the interaction of the target and the ground; 3) SAR image simulation needs to calculate RCS at different frequencies and angles so that the computational efficiency of RCS is also a problem to be considered.
According to the target SAR electromagnetic scattering mechanism, the electromagnetic scattering from the target is calculated based on the graphical electromagnetic calculation method, DEM data is used to construct the ground structure and an improved ray tracing method is proposed to analyze the influence of the ground background on the multiple reflections. By analyzing the scattering mechanism of the target SAR image, the SAR image of the ground target is constructed using the turntable imaging model, which provides the template library and the knowledge base for the SAR recognition and can improve the SAR image interpretation level.
SAR Image Simulation Process of Ground Complex Target
As shown in Figure 1 the simulation process of SAR Image includes:
Step 1, meshing the target according to the radar frequency and the target RCS calculated according to the scattering mechanism;
Step 2, according to the structure and material properties of the ground, the modeling of ground and the calculating of scattering characteristics from the ground.
Step 3, according to the interaction between the target and the ground, the calculation of the multiple scattering between ground and target is completed.
Step 4, based on the two-dimensional RCS data in frequency and azimuth, the turntable imaging model is used to simulate the SAR image of ground targets.
Step 5, SAR images with different angles and frequency bands can be constructed, which can be used for template interpretation based on target interpretation. 
Calculation of RCS of Complex Target at High Frequency Region
Usually, the frequency of SAR is relatively high, the size of the target is relatively large and the size of the target is often much larger than the wavelength of the SAR radar, so that the target can be considered as the target of electricity and its scattering shows a high-frequency local scattering characteristics. High-frequency scattering source mainly includes: the scattering of the faces, the scattering of the edge and the scattering of the corner reflector.
Graphical electromagnetic computing uses the computer graphics technology [13] to construct the 3D mesh model of the target and reconstructs it in the computer. The normal vector information of the target is obtained by different illumination in opposite directions.
By obtaining the memory information of the computer, the normal vector and depth information of the real object corresponding to the computer pixel can be obtained and the RCS information of the complicated object can be calculated on the basis of the information.
Faces scattering model. According to the physical optical method the calculation formula of RCS of all metal target under the high frequency condition is: (1) θ is the angle between the incident direction and the face normal vector, Z is the distance from the face ds to the observer, and l is the length of the pixel.
Edge scattering calculation model. According to the high-frequency theory, the far-field scattering field generated by the edge can be regarded as the radiation of the equivalent current. The magnitude of the current is related to the direction of the incident and the direction of the opposite edge of the viewing point.
The monostatic scattering field in the far-edge region can be expressed using the equivalent current as [14] 
where the line integral is performed along the edge illuminated by the incident wave. Multiple scattering calculation model. When irradiating to a surface the electromagnetic waves will be reflected to the other surface and multiple scattering is produced. The ray tracing method can be used to calculate the multiple scattering between the face representations of different pixels. Ray tracing method is a high frequency approximation method that can compute the RCS of the target by combining the geometrical optics method and the physical optics method. The single electromagnetic wave reflection contribution of the target is calculated by the physical optics and the multiple reflections obtained by multiple geometrical optical ray tracing and the physical optical integration.
Ray tracing process for complex targets is as follows: step 1, find the pixel that gets the multiple reflection firstly by scanning the pixels within the calculation area , and determine the pixel coordinates of the space, the normal component and depth information; step 2, according to the incident direction of the electromagnetic wave, the reflection direction of the pixel is obtained and the pixel point where the reflection line intersects in the target area is found; step 3, the reflection line of the previous pixel is used as the incident ray of the next pixel and ray tracing is repeated until the reflection line does not intersect the target area or the number of the reflection times reaches the maximum number; step 4, search all the pixels in the target area and find multiple incident paths and reflection points of each pixel; step 5, calculate the far field scattering field of each reflection by using the physical optics integration.
The represented by the pixel is a quadrilateral so that W is 4 here.
Electromagnetic Scattering Calculation of Ground Target
Geometric Modeling of Ground Scene. The common ground scene geometry model is the digital elevation model (DEM) whose data sampling interval is relatively sparse that it can hardly meet the need of calculating its electromagnetic characteristics so that the DEM data need to be compressed by interpolation.
The research results show that the natural terrain scene has a fractal feature in a certain scale range, so the DEM data that can keep the random fluctuation characteristic of the scene surface and satisfy the electromagnetic characteristic calculation requirement could be obtained by fractal interpolation of the natural scene DEM data [15] , and Figure 2 is the schematic diagram of an interpolated terrestrial scene. Calculation of Ground Target Scattering. The radar echo scattering of ground targets not only contains the direct scattering wave of the radiation from the radar to the ground target but also contains the scattering from the ground and the multiple scattering from the interaction between the ground and the target.
In general, the calculation of the scattering characteristics of a complex target on the ground consists of two parts: the individual scattering characteristics of the ground surface and the target; the multiple scattering properties of the ground and target. Regard the ground and target as a whole, the scattering mainly include the following parts as shown in Figure 3 : 1) target direct scattering; 2) the scattering from the target to the ground; 3) the scattering from the ground to the target; 4) the ground direct scattering; 5) multiple scattering of ground and target. For the direct scattering from the ground surface can be calculated by the statistical method it is not considered in this paper. Therefore, we can get the electromagnetic scattering of the ground target including 1,2,3,5.
After obtaining the electromagnetic scattering component of the ground target, each of the components can be solved separately. For the direct scattering of the target, the calculation method of target scattering in section 2 is applied. For the three kinds of scattering between the target and the ground, ray tracing method can be used to trace the scattered rays by geometrical optics and the scattering field could be solved by physical optics. Considering that the electromagnetic wave reflection characteristic of the ground surface is affected by its roughness and the dielectric constant of its composition, the scattering field by the physical optics is multiplied by a certain complex scattering value representing the ground scattering loss for the rays passing through the ground. Finally, the electromagnetic scattering characteristic under the ground scene is obtained by coherently superimposing the scattering field of the target and the scattering field of the target coupled with the ground.
SAR Image Simulation Based on Turntable Imaging Principle
According to the theory of radar imaging, high range resolution can be obtained by transmitting broadband signal and the high azimuth resolution can be obtained by using the equivalent large aperture formed by the relative motion between radar and target, two-dimensional high resolution SAR/ISAR imaging can be obtained. Turntable imaging is a common method for simulating ISAR imaging which places the target on a rotatable platform and makes the target and radar rotate accordingly with the rotation of the platform. After motion compensation, the ISAR imaging can be represented by turntable imaging model.
The SAR image simulation process based on the turntable imaging principle is shown in Figure 4 
Experimental Results and Analysis
The correctness of the ray tracing method is verified by the standard reflector dihedral structure. An 90 degrees angle reflector is simulated with the settings that the side length is 0.179 meters, the incident wave frequency is 9.4 GHz and the azimuth angle is calculated from -90 degrees to 90 degrees. The results of the ray tracing show that the rays with three ejections return along the incident direction. The results of the SBR calculating multiple reflections and only one reflection are shown in Figure 5 . According to the RCS computing value of the dihedral corner reflector, the back scattering in the forward direction and the RCS theoretical value of the corner reflector in the 0 degree direction is 11.02 dBsm. The total RCS value of the multiple scattering calculation is the same as the theoretical value.
The validity of the imaging method based on the turntable imaging principle is verified by the complex target model. Simulate the SAR image of the tank model at the initial position shown in Figure 6 . The pitch angle of the tank is 30 degrees, the azimuth angle is 90 degrees, the bandwidth B is 512 MHz ( 11.2 GHz ~ 11.712 GHz ), the carrier frequency c f is 11.456 GHz, the frequency interval f ρ ∆ is 2 M, the maximum rotation angle m θ is 2.56 degrees, the rotation angle interval θ ∆ is 0.01 degrees, the number of sampling points is 256 * 256, the azimuth resolution is 0.293 meters and the distance resolution is 0.146 meters. The imaging result is shown in Figure 7 with the abscissa for the azimuth, the ordinate for the distance and the unit in meters. This RCS calculation only considered the target and the scattering between the target and the ground without considering the ground reflection. From the simulation image it can be seen that the gun barrel, the top turret and the tank all have clear shape, and that the simulation image can reflect the scattering characteristic of the target well which can be used in the target recognition template.
Summary
The interpretation of ground target SAR image is so seriously needed that the SAR image simulation has great significance for researchers. In this paper, complex ground targets SAR images which provide template information for SAR image recognition are simulated.
The real terrain the ground structure is constructed by using the fractal interpolation method based on the digital terrain elevation model. An improved graphical electromagnetic computing method which combines physical optics method, equivalent electromagnetic flow method and ray tracing method is used to calculate the radar cross section of the target. The multiple reflection method is used to calculate the interaction between the target and the ground which is regarded as a consumption material. According to the turntable imaging model the SAR imaging simulation system is built using the amplitude and phase data of the RCS. The RCS of the corner reflector calculated result is closer to the actual scattering value by using the multiple reflection technique than using the single physical optics method, which shows that the fast ray tracing method owns fastness and accuracy. The feasibility and correctness of the method proposed in this paper is verified by using this method to achieve the SAR imaging simulation of the tank target placed on the ground, simulation results are in agreement with the actual object characteristics. Based on the electromagnetic scattering mechanism of SAR imaging, combining the electromagnetic scattering mechanism with SAR theory, the SAR image knowledge base for typical targets and typical targets in complex background can be established, which can be used to identify high resolution SAR images and to greatly improve the SAR image target interpretation level.
